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INTRODUCTION

2-Furylbenzimidazoles have a variety of interesting pharmacological characteristics which include the use
as anti-viral agents and chemotherapeutics for anti-cancer. 1, 2 They have also found application as anti-histamines, anti-ulcer and fungicidal therapeutics. 3 Benzimidazoles and their derivatives have an established ability to bind and intercalate to DNA. 4 The bis-benzimidazole drug Hoechst 33258 1 has been widely used as a fluorescent DNA stain and is well known to bind in the minor-groove of B-DNA. 5 2-Phenylbenzimidazole have been found to intercalate between base pairs of DNA by Kubota et al. and Nakano et al. 6, 7 There are many examples in the literature of 2-substituted benzimidazoles as potent inhibitors in angiogenesis through the targeting of the vascular endothelial growth factor (VEGF), such as Dovitinib 2, which exhibits efficacy in renal cell carcinoma and Albendazole 3, a widely used drug for hydatid disease, shows an anti-angiogenesis effect in non-cancerous models of angiogenesis. [8] [9] [10] Li et al.
demonstrated that a tetra cationic heterocycle containing a phenyl furanylbenzimidazole (DB340) 4
shows increased selectivity towards REE RNA stem loops. 11 2-Furylbenzimidazoles have gained a particular interest, as furan rings also exhibit DNA intercalating abilities. 12 Patel et al. have shown the model inhibitor based benzimidazole compounds docking within the receptor site of the hepatitis C virus through π-π and C-H-π interactions. 13 Even though aromatic interactions play major roles, in organic reaction and further more biological systems, as both these reaction are common in 2-furylbenzimidazoles, there is very little literature with regards to structural determination of optimum geometries of these compounds.
In 2007 ( Figure 1 ) and subsequent fluorimetric titration with ct-DNA. 14 Geiger et al. published work using X-ray diffraction on benzimidazole substituted compounds which participate in a 'head to tail' arrangement due to intramolecular C-H-π interactions 2-(furan-2-yl) and 1-(furan-2-ylmethyl) 6 and π-π interactions involving the furan substituents between inversion centers related molecules. 15 We report herein the
the purpose of establishing a relationship between structure and potency of inhibition.
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RESULTS AND DISCUSSION
Tumor-induced angiogenesis plays a crucial role in progression and supporting tumor growth by allowing metastatic tumor cells to enter circulation and providing blood supply. The 2-furylbenzimidazoles showed remarkable anti-angiogenic activity through targeting the vascular endothelial growth factor receptor (VEGFR2). 2, [16] [17] [18] [19] [20] Substitution on position 1 of the 2-furylbenzimidazole moiety with acid hydrazide groups as in compounds 7-10 significantly enhanced the antiangiogenic properties of the 2-furylbenzimidazoles. 2 Furthermore, molecular modelling studies proposed that the acid hydrazide moiety in its cis configuration is stabilizing the compound in the active site of the VEGFR2 through the stabilization with two hydrogen bonds with ASP1046 and GLU885 amino acids. Compounds 7-10 were synthesized as reported by Temirak et al. using a condensation of the acid hydrazide with selected aldehydes and methyl aryl ketone using an ethanol/acetic acid (24:1) mixture.
2,21
The 2-furylbenzimidazoles 7 and 10 were obtained by slow evaporation in DMSO and 8 and 9 were obtained from liquid diffusion from 1,4-dioxane/n-hexane. The compounds crystallized quickly giving crystals suitable for analysis within a week. The molecular structures of the individual compounds are shown in Figure 2 . The structures are defined by a furan ring joined to a benzimidazole ring over a single bond. The 2-furylbenzimidazole part is almost planar with a small but noticeable cant that varies from The tilt of the furan/benzimidazole rings vary from 4-30° which indicates a larger rotational freedom is present in this part of the molecule which shows that the compounds studied have mobility to achieve optimum conformation within a binding pocket. This tilt has also been reported in previous crystal structures by Geiger et al. 15 Modelling of the VEGFR2 receptor (PDB entry 3EWH) was carried out by
The inhibitory potency of compounds 7-10 has been attributed to the presence of the acetohydrazide chain, which is common in all the compounds and can act as a hydrophilic anchor within a rather hydrophobic binding cleft. The presence of a double bond in cis conformation is considered to be of high importance for the orientation of the inhibitor in the enzyme pocket. The phenyl ring is stabilized by the leucine and isoleucine residues while the benzimidazole ring interacts with the valine and tyrosine residues within the receptor pocket. Temirak et al. suggested that a hydrophobic area was covered by the furan ring of the inhibitor. The lack of a suitable hydrogen bond donor to the furan ring suggests that hydrophobic interactions are favorable in this part of the molecule. However, the presence of short contact or pseudo hydrogen bonds as a result of the crystal packing of compound 7 suggests there may be further interaction with residues within the receptor. As the pocket is considered to be highly hydrophobic, lipophilic features either on the phenyl or furyl rings are crucial for good binding and therefore for the activity. This is clearly the case for compounds 9-10 which present a p-methyl substitution on the phenyl ring, and with 7, with a p-methoxy substitution. This would also have the additional benefit of reducing oxidation by p-hydroxylation with cytochrome p450 in vivo. The presence of a methyl group on the acetohydrazide 
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This is facilitated in the hydrogen bonding present in each crystal structure between the N18 proton and O17 8-9. There is also a degree of stacking between the 2-furylbenzimidazole rings in the moiety structure. Compounds 7-10 exhibit a staggered head-to-tail overlap with a separation of 3.23, 3.305, 2.911 and 3.409 Å between benzimidazole rings, respectively. The presence of molecules of solvation, DMSO in 7 and 1,4-dioxane 8, within a solvent accessible void is facilitated by a loose packing in the crystal structure. In compounds 9-10 solvent molecules are not present in the asymmetric unit and a tighter packing is observed. The absence of a methyl group at the C20 position in compound 10 eliminates interactions with the O17 position which then establishes hydrogen bonding between the N18 proton and the N7 of the benzimidazole ring resulting in a more staggered approach to the overlay of the 2-furylbenzimidazole rings in the crystal packing. Figure 4 show the crystal packing of each compound. Compound 7 exhibits a hydrogen bond between N18 proton and that of the solvent DMSO. As shown in Table 2 there is a short contact present between the O1 of the furan ring and the C15 proton, as well as the C3 proton and the O17 of the acetohydrazide chain. Both The X-ray crystal structures of compounds 7-10 has proven the existence of the compounds in the cis configuration, suggesting that the acid hyrazide group is essential in enhancing the potency of 2-furylbenzimidazoles as anti-angiogenic agents. for all compounds were collected on a Bruker APEX 2 DUO CCD diffractometer using graphite-monochromatted Mo-K α (λ = 0.71073 Å) and Incoatec IµS Cu-K α (λ = 1.54178 Å) radiation.
Crystals were mounted on a MiTeGen MicroMount and collected at 100(2) K using an Oxford
Cryosystems Cobra low temperature device.
Data was collected using omega and phi scans and were corrected for Lorentz and polarization effects using the APEX software suite. 22 Data were corrected for absorption effects using the multi-scan method (SADABS). 23 The structures were solved by direct methods and refined by full-matrix least-squares procedures on F 2 using SHELXL-2014 software.
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All non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were added geometrically in calculated positions and refined using a riding model.
Details of the data collection are given in Table 3 . In structure 7 residual electron density surrounding S1s suggest a high degree of liberation movement in the solvent DMSO. In structure 8 the distance of N18 H18 and N18b H18b was restrained using (DFIX) Residual electron density around the 1,4-dioxane solvent molecule suggest a possible alternate conformation may be present. In structure 9 furan benzimidazole ring was modelled in two parts using restraints (DFIX, ISOR, RIGU) with an occupancy of 70, 30%. In structure 10 disorder in the furan ring was constrained and restrained using (EADP, SADI) and modelled over 3 positions with an occupancy of 56, 32 and 12%.
CCDC 1062711-1062714 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
